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The human progeroid disorders Cockayne syndrome and 
Werner syndrome present with several clinical features that 
are associated with normal aging. These include distinct 
changes in the skin. The genes responsible for these condi­
tions have recently been cloned and characterized. They 
both contain a characteristic helicase sequence, and 
helicase activity has been demonstrated using the purified 
Werner protein. Helicases are involved in a number of 
DNA metabolic transactions, including transcription, 
replication, and DNA repair. Cockayne cells are deficient 
DNA REPAIR P ROCESSES 
Living cells are constantly exposed to environmental agents and 
endogenous processes that inflict damage in DNA. Several complex 
enzymatic mechanisms have evolved to repair DNA lesions, and lately 
there has been a tremendous progress towards a greater understanding 
of the mechanisms involved. There are several major pathways of 
DNA repair, and the particular pathway used depends in part upon 
the type of DNA damage that is being removed. Most types of cellular 
stress or damage cause the formation of a large spectrum of DNA 
lesions. Endogenous metabolic processes generate oxygen radicals that 
are removed from the DNA mainly by the base excision repair pathway. 
Ultraviolet (UV) exposure generates two major lesions, or adducts, in 
the DNA: the pyrimidine dimer and the 6-4 photoproduct. Both of 
these adducts and other bulky lesions are removed by the nucleotide 
excision repair (NER) pathway. 
NER is deficient in the human genetic disorder xeroderma pig­
mentosum (XP). This condition involves hyperpigmentation of the 
skin and the continuous development of skin cancers. The significant 
dermatologic presentation of this disease has established an important 
link between dermatology and the field of DNA repair. In XP there 
are seven different complementation groups representing different 
genes involved in the disorder. These genes have now been cloned 
and characterized, leading to a clearer understanding of the NER 
process in humans. There are several recent reviews in which the 
pathway of NER is discussed in detail (Friedberg, 1996b; Sancar, 1996; 
Wood, 1996). 
DNA REPAIR HETEROGENEITY AND THE LINK TO 
TRANSCRIPTION 
Another area of very active research in the field of DNA repair 
concerns the heterogeneity of the DNA repair process. In the last 
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in a special type of DNA repair. transcription coupled 
DNA repair, but they also appear to be defective in basal 
transcription. The diverse functions of the Cockayne pro­
tein are under intense study. Werner cells may have subtle 
defects in DNA repair, and possibly also in transcription. 
The biochemical clarification of the precise role of these 
gene products is likely to provide very significant clues into 
the mechanism of aging. Key words: Cockayne syndrome/ 
Werner syndrome. Journal of Investigative Dermatology Sympo­
sium Proceedings 3:11-13, 1998 
10 years evidence has accumulated that the repair process differs 
significantly in efficiency between different regions of the genome. 
Specifically, DNA repair occurs preferentially in genes, and particu­
larly those that are actively transcribed. The active component of the 
genome is only about 1% of the total DNA, but it appears to be much 
more efficiently repaired than the rest of the genome that is largely 
inactive. A component of this repair is directly linked to the basal 
transcription process. This pathway is also termed transcription-coupled 
DNA repair or "strand specific" DNA repair because the transcribed 
strand of the active genes is preferentially repaired. The molecular link 
between DNA repair and transcription involves the basal transcription 
factor TFIIH that contains, among its nine components, at least two 
DNA repair proteins, XPD and XP B. The multicomponent TFIIH 
particle participates in both transcription and DNA repair. 
CHANGES W ITH AGING 
Premature aging syndromes In aging research it is important to 
choose a good model system for the more mechanistic studies. Although 
there has been much work on cell lines that grow to senescence, there 
are now human natural mutant syndromes that have signs and symptoms 
of premature aging. They are segmental progerias, signifying that they 
have some, but not all of the features that are associated with the aging 
phenotypes. XP has been characterized as such a condition, and others 
include Cockayne syndrome (CS) and Werner syndrome (WRN). 
During recent years, the genes for these disorders have been cloned, 
and this has tremendously aided the research in this area. It is now 
possible to conduct sophisticated molecular biochemical studies on 
cells from individuals with these genetic disorders. 
With the recent cloning of the WRN gene, and with the information 
that this gene, the CS complementation group B (CS-B) gene, and 
some XP genes are putative helicases, gaining a greater understanding 
of the molecular deficiency in these disorders is a high priority. The 
patients have many signs and symptoms of normal aging, but they are 
segmental progeroid diseases, indicating that some features of normal 
aging are not seen. The fimction of the CSB and WRN proteins 
appears to be at the crossroads of aging, DNA repair, DNA replication, 
and transcription, so these studies nicely combine a mechanistic interest 
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Figure 1. Triton-X disrupts basal transcription in CS, but not in normal human cells. CS, Cockayne syndrome; percentages indicate the percentage of 
triton used. Relative incorporation is 32p_UTP incorporation as a measure of transcription in permeabilized cells. The SDS-PAGE gel shows the loss of protein 
in normal and CS complementation group B (CSB) cells. S, soluble; IS, insoluble. 
in basic processes with an interest in aging. The genes that are defective 
in CS (Group B), W RN, and other age-related disorders [Bloom, XP 
(Groups B and D)] are characterized by conserved motifS of sequence 
homology. A number of proteins of this family have been demonstrated 
to be DNA-dependent ATPases, a subset of which have also been 
shown to be helicases, indicating that these proteins are involved in 
various aspects of chromosome metabolism. The molecular defects 
responsible for the clinical phenotypes of these diseases remain to be 
determined, but presumably relate to the functional activities of these 
conserved proteins. In addition, specific protein DNA and protein­
protein interactions are likely to play critical roles in cellular function. 
CS Cells from CS patients are sensitive to UV light, exhibit a delay 
in recovery of DNA and RNA synthesis following irradiation, and are 
defective in preferential repair and strand specific repair of active genes 
(Friedberg, 1996a). Complementation studies demonstrated at least 
two genes involved in CS, designated CSA and CSB. CSA protein 
contains amino-acid repeats (WD), characteristic for a group of proteins 
that are required for cell metabolism, and interacts with CSB and the 
transcription factor TFIIH. CSB protein, by sequence comparison, 
belongs to the SW1 family of proteins, which have roles in transcrip­
tional regulation, chromosome stability, and DNA repair. The mechan­
ism of transcription coupled DNA repair (TCR) in eukaryotes remains 
to be elucidated, and the CSB protein appears to be an important 
player. This will be discussed in more detail in the following. 
The cellular and molecular phenotype of CS includes a significantly 
increased sensitivity to a number of DNA-damaging agents, including 
UV radiation (Schrnickel et aI, 1979; Naumovski and Friedberg, 1986; 
Friedberg, 1996a). Studies in CS cells were initially confined to DNA 
repair in the general, overall genome, where no defect was found 
(reviewed in Friedberg et aI, 1995). The observation that CS cells are 
deficient in the resumption of RNA synthesis after UV irradiation 
(Lehmann, 1987) led to the idea that these cells might be deficient in 
the repair of transcriptionally active genes. With the development of 
gene specific repair assays (Bohr, 1991), CS cells were indeed shown 
to be defective in the preferential repair of active genes and in the 
preferential repair of the transcribed strand of such genes (Venema et aI, 
1990; Evans and Bohr, 1994). This defect in TCR in CS is not only 
found after UV exposure but also after gamma radiation (Leadon and 
Cooper, 1993). Transfection of the CSB gene into hamster cells with 
the CS-B phenotype completely restores TCR and UV resistance to 
normal levels (Orren et aI, 1996), demonstrating that the defect in 
TCR in CS-B is due to mutation in that gene. 
The complex clinical phenotype of CS, however, suggests that DNA 
repair may not be the primary defect. Moreover, recent evidence from 
this laboratory demonstrates that CSB cells are defective in transcription, 
supporting the notion that reduced gene-specific repair of CS is a 
consequence of a transcription deficiency. We are pursuing whether 
the defect in CS is a primary DNA repair defect or ;i primary 
transcription defect. 
We find a defect in basal transcription in CS both in vivo and i'l vitro 
(Balajee et aI, 1997). This transcription defect is seen, in CS-B 
lymphoblastoid cells and fibroblasts without any exposure to stress such 
as UV light. In collaboration with Dr. Friedberg (UT, Dallas), we find 
that the transcription defect may be associated with a special sensitivity 
of the transcription apparatus in CS towards DNA damage or special 
DNA modification (Dianov et ai, in press). This is currently under 
study, and we are also analyzing DNA from CS patients for DNA base 
modification. 
In support of our results, a previous study found that expression of a 
metalloprotease was reduced to 50% in CS cells (Millis et aI, 1992), and 
very recently it was reported that the CSB protein affects transcription 
in a purified component in vitro assay (Selby et aI, 1997). 
We also detemuned the effects of lysis with different concentrations 
of Triton X -100 on transcription rates in chromatin from normal and 
CS-B lymphoblasts (Balajee et ai, 1997). Increasing the Triton concentra­
tion appeared to disrupt chromatin structure more in CS-B cells than in 
normal cells. In normal cells transcription rates expressed as pmol UMP 
incorporation per 106 cells remained essentially the same after lysis with 
0.05% and 0.5% TritonX-100. In contrast, the transcription rate in CS-B 
cells was significantly reduced (by 75%) when the Triton concentration 
was increased to 0.5% (Fig 1). In normal cells, the factors involved in the 
organization of the transcription complex are apparently tightly associated 
with chromatin and hence cannot be easily solubilized with Triton 
X-I00. This confirms earlier observations that transcription complexes 
are frnnly attached to a nucleoskeleton (Pardoll et aI, 1980; Robinson 
et aI, 1982). The same may not be true for CS-B cells where the increased 
removal of proteins resulted in a decrease in transcription rate. The 
association between the transcription complex and chromatin may be 
disrupted in CS-B cells, and their chromatin organization appears to be 
more "loose" than that in normal cells. It is possible that CS-B cells have 
a defective chromatin organization, which could account for the reduced 
transcription. 
The predicted amino acid sequence of the CSB protein shows homo­
logy with the ATPase subunit of the yeast SWI/SNF transcription activa­
tion complex (Richmond and Peterson, 1996) that is composed of at 
least 12 different subunits (Cairns et aI, 1994). In fact, the yeast homolog 
of CSB, Rad26, has been shown to exhibit DNA-dependent ATPase 
activity in vitro (Guzder et aI, 1996). The SWIISNF complex activates 
transcription by facilitating access of the transcriptional machinery to the 
promoter regions of active genes. Recent work showed that the SWII 
SNF complex may be an integral component of the RNA polymerase 
11 holoenzyme (Wilson et aI, 1996). The homology of CSB to one of 
the subunits of the SWI/SNF complex suggests a role for CSB protein 
in transcription. Hence, mutations in the CSB gene could affect the 
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Table I. WRN cellular phenotype 
Slow growing, extended S phase 
Bltvaled genomic instability 
Deletions, insertions, rearrangements 
Compromised ligation fidelity 
Accelerated telomere loss 
�tctive DNA repair 
Reduced 5-hydroxymethyl uracil glycosylase (Duker) 
Transcription coupled repair (Webb et ai, 1996) 
Mismatch repair (Kunkel) 
l, Recombination abnormalities? 
D{mive transcription 
Global 
Gene specific 
Dverall efficiency of transcription. If the CSB protein is involved in 
dttomatin remodeling, mutational inactivation might impair this event 
p,ot only during transcription, but also during NER. 
WRN WRN is a homozygous recessive disease characterized by early 
Gnset of many characteristics of nonnal aging, such as wrinkling of the 
skin, graying of the hair, cataracts, diabetes, and osteoporosis. C ancers, 
particularly sarcomas, have been seen in these patients with increased 
frequency. The symptoms ofWRN begin to appear around the age of 
puberty, and most patients die before age 50. Because of the acceleration 
of aging in WRN, the study of this disease will hopefully shed light on 
the degenerative processes that occur in normal aging. 
Cells from WRN patients grow more slowly and senesce at an earlier 
population doubling than age-matched nonnal cells, possibly because 
these cells appear to lose the telomeric ends of their chromosomes at an 
kccelerated rate. Telomeric shortening is an established marker for cellular 
Senescence. A hallmark molecular defect ofWRN is genomic instability 
arising from karyotypic abnormalities, including inversions, transloca­
lions, and chromosome losses. These effects could potentially be the 
teSul.t of defects in DNA repair, replication, andlor recombination, 
Ilthough the actual biochemical defect remains unknown. In addition, 
.e mutation rate of transfonned WRN fibroblasts is elevated 50-fold, 
'largely due to gross deletions. It has been hypothesized that the clinical 
features and increased probability of tumors in non-epithelial tissue of 
o\WR.N patients is a consequence of this increased genomic instability. 
be gene that is defective in WRN, the WRN gene, has recently been 
htentified (Yu et ai, 1996). The amino acid sequence suggests that the 
'WRN gene is a member of a large funily (recQ) of helicases with the 
'putative ability to unwind DNA or RNA duplexes. Thus, the genetic 
e'ilidence also points to a role for the WRN protein in some aspect of 
DNA metabolism. 
The molecular cause(s) of genomic instability in WRN remains to be 
:4�ed. The cellular phenotype involves the elements shown in Table 
" 'Earlier studies from our laboratory showed subtle defects in telomeric 
�air and TCR ofUV-induced cyclobutane pyrimidine dimers in WRN 
etlls (Webb et ai, 1996; Kruk et ai, 1997). A role for WRN protein in 
chromosomal metabolism is consistent with its sequence homology with 
'known DNA helicases, a class of enzymes with essential roles in various 
processes of nucleic acid metabolism. Lately, the WRN protein has been 
demonstrated to have intrinsic helicase activity (Gray et ai, 1998). It may 
also have other additional activities. Importantly, the determination of 
� biologically relevant DNA substrates upon which the protein acts 
ffIill help to elucidate the molecular deficiencies ofWRN. 
, , Our research is directed towards elucidating the DNA metabolic 
!defect, and how this defect causes an accelerated aging phenotype. We 
Jia.ve previously reported a defect in TCR in some (but not all) WRN 
all lines (Webb et ai, 1996). We currently have findings in intact cells 
Jlt!.rl in cell extracts, suggesting a defect in transcription in WRN cells. 
Use of stably transfected cells involves the establishment of a functional 
usayto detect that the gene is active after the transfection. No functional 
REPAIR AND TRANSCRIPTION IN CS AND WRN 13 
assay for the WRN gene has been reported. We have purified the WRN 
protein and are currently investigating its molecular biochemistry and 
functions. 
PERSPECTIVES 
There is an excltmg development in the area of understanding the 
molecular dysfunction in the premature aging syndromes. This has been 
greatly facilitated by the cloning and identification of a number of the 
genes responsible for these phenotypes. A number of these genes have 
helicase sequences, and helicases are involved in various important DNA 
metabolic processes such as transcription, DNA repair, and replication. 
It is not yet clear how important the helicase activity is in the phenotypes, 
and other parts of the genes may tum out to be at least as important. The 
Werner patients suffer from premature aging conditions that include 
changes in the skin and severe ulceration, and thus present with significant 
dennatologic features. 
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